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PROGRAMMABLY CONTROLLED PARTIALLY 
DISTRIBUTED MASKING MECHANISM IN A 
PROGRAMMABLE UNIT HAVING VARIABLE 

DATA PATH WIDTl-IS 

This application is a continuation, of application Ser. 
No. 07/328,811, filed Mar. 23, 1989, which is a continu 
ation of co-pending application Ser. No. 07/207,008 
?led on June 13, 1988, now abandoned, which is a con 
tinuation of co-pending application Ser. No. 881,240 
?led on July 2, 1986, now abandoned. 

RELATED U.S. PATENT APPLICATIONS 

US. patent applications directly or indirectly related 
to the present application are: 

Ser. No. 656,247, ?led Oct. 1, 1984, by Thomas R. 
Woodward, et al., and entitled “Programmable Data 
Path Width in a Programmable Unit Having Plural 
Levels of Subinstruction Sets”. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a programmable partially 

distributed masking mechanism and more particularly 
to such a mechanism which can be programmably set to 
accommodate data segments having formats of different 
data path widths. 

2. Description of the Prior Art 
The proliferation in recent years of microprocessors, 

i.e., a data processor on a single integrated circuit chip, 
has accommodated ever increasing applications of such 
microprocessors in intelligent terminals, personal com 
puters and the like. Furthermore, increasing advances in 
the integrated circuit ?eld have allowed such micro 
processors to be designed with increasingly greater 
numbers of gates per chip thus resulting in microproces 
sors of increasing power or throughput. Originally, the 
?rst microprocessors has 8 bit wide data path widths. 
The next generation of microprocessors had 16 bit wide 
data path widths and now microprocessors with 32 bit 
wide data path widths are becoming readily available in 
the commercial market. 
A feature almost inherent in such microprocessors 

and one that has facilitated their design on single inte‘ 
grated circuit chips has been that of microprogramming 
or microprogram control. The term "microprogram" 
was ?rst coined by Maurice Wilkes in his paper "The 
Best Way to Design an Automated Calculating Ma 
chine", Report of the Manchester University Computer 
Inaugural Conference, Manchester, England, July 1951, 
pp 16-18. This concept did not really become practical 
until the advent of the ?rst integrated circuits which 
had only a few gates per chip. Those initial circuits are 
now referred to as small scale integrated circuits (SS1). 
A second generation of such chips with a greater num 
ber of chips are now known as medium scale integrated 
circuits (M51) and today such circuits employing many 
thousands of gates are available and referred to as very 
large scale integrated circuits (VLSI). It is this vast 
increase in the number of gates per chip that has al 
lowed for the more powerful microprocessors currently 
available with the resulting increase in size in the micro 
program stores employed in order to handle all of the 
sequences of microinstructions required to control such 
powerful microprocessors. 
A particular concept that has helped to reduce the 

number of microinstructions to be stored has been that 
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2 
of two levels of control stores where the lower level 
contains only each unique microinstruction rather than 
sequences of such microinstructions which were redun 
dant. A smaller memory in terms of word or instruction 
widths was supplied to contain a sequence of encoded 
microinstructions which served to address the corre 
sponding lower level microinstructions. Such a system 
is described in the Faber et al. U.S. Pat. No. 3,983,539. 
In such a system, the lower level control store could be 
a read only memory, which is cheaper than a random 
access memory, while the upper level memory would 
be a random access memory. To distinguish the shorter 
vertical microinstructions in the upper level memory 
and the longer horizontal microinstructions in the lower 
level memory, the upper level memory was called the 
micromemory and the inventors of the Faber patent 
called the lower level memory a nanomemory and the 
horizontal microinstructions which may be just one or 
more ?elds of unencoded control bits, were called na 
noinstructions. 
A particular family of microprocessors employing 

such a two-level control store is disclosed in the Tre 
dennick et al. US. Pat. No. 4,342,078. 
As such microprocessors have increased in power or 

throughput through the increased width of their data 
paths from 8 to 16 and now 32 bits, data formatted for 
the smaller sized microprocessors cannot be readily 
accommodated by the processors with larger data path 
widths due to problems in the arithmetic unit such as 
when to generate a carry signal, etc., in the adder and 
also in the barrel switch or shifting mechanism which is 
employed to shift data either right or left and is also able 
to accommodate shifting end around or end off for 
different data formats. A masking mechanism is pro 
vided to, inter alia, mask off that portion of the data bus 
when a small data format is being employed. 
Data and control buses used to interconnect functions 

of a processor implemented within a single integrated 
circuit occupy space on that. integrated circuit. A reduc 
tion in the size of these buses allows a reduction in the 
size and therefore the cost of the integrated circuit. 

It is then an object of the present invention to provide 
an improved masking mechanism that can accommo 
date different data formats under program control. 

It is still another object of the present invention to 
provide an improved masking mechanism for the simu 
lation of a processor having different data path widths. 

It is still a further object of the present invention to 
provide an improved masking mechanism where the 
different data segments have different widths. 

SUMMARY OF THE INVENTION 

In order to accomplish the above-identi?ed objects, 
the present invention resides in a data processor under 
control of a two-level control store which processor has 
a programmably controlled data path width therein and 
employs a masker to mask off those most signi?cant bits 
of the internal data buses when the processor is being 
used in a mode where the data buses are of less width 
than their physical widths. The masker is partially dis 
tributed in that a mask generator is provided to partially 
decode the mask amount and the masking logic is pro 
vided with additional decoding logic to complete the 
mask amount decode. 
The present invention then resides in a micropro 

grammable processor having programmable data path 
widths therein with a partially distributed masking unit 
to mask off those most signi?cant bits not employed 
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when the processor is in a mode employing data widths 
which are less than the physical width of the data buses 
therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features 
of the present invention will become more readily ap 
parent from the following speci?cation when taken in 
conjunction with the drawings wherein: 
FIG. 1 is a diagram of a processor employing the 

present invention; 
FIG. 2 is a schematic diagram of the airthmetic logic 

unit of the processor employing the present invention; 
FIG. 3 is a diagram of the masking mechanism em 

ployed in the present invention; 
FIG. 4 is a schematic diagram of the masking logic 

cell of the present invention; and 
FIG. 5 is a table illustrating the logic of the various 

masking cells of the present invention. 

GENERAL DESCRIPTION OF THE INVENTION 

The present invention is employed in the environ 
ment of the processor described in the above-identi?ed 
Woodward et al. application and employs a two-level 
control store where the higher level control store con 
tains a sequence of microinstructions for addressing the 
lower level control store which contains a unique set of 
nanoinstructions as was described above. In addition, 
the higher level control store can also supply nanoin 
structions to the control register of the processor so as 
to provide an unlimited number of nanoinstructions or 
control words for execution by that processor so as not 
to limit the number of functions that the processor can 
execute. 
The processor of the Woodward et al. application in 

which the present invention resides is illustrated in FIG. 
1 and includes external bus interface 10 which can ad 
dress an external main memory (not shown) by way of 
the high address bus and the address/data bus, the latter 
of which is a bidirectional bus. The processor receives 
data and machine instructions from that main memory. 
The external bus interface sends portions of machine 
instruction operators to sequencer 11B. Sequencer 11B 
uses those operators to address micromemory 16 which 
in practice is not a part of the integrated circuit chip 
that contains the remaining functional elements of FIG. 
1. In response thereto, microinstructions are received 
which are returned to control unit 110, and other units, 
with the portion thereof being used as an address to 
nanomemory 12. As was indicated above, one type of 
such microinstruction might be a nanoinstruction which 
is supplied directly to control register 13. Whether the 
nanoinstruction comes from nanomemory 11 or from 
micromemory 16, its various fields as they reside in the 
control register 13 are then sent to arithmetic logic unit 
24 and the other functional units of the processor to 
effect a particular operation. For a more complete de 
scription of the processor of FIG. 1, reference is made 
to the above-identi?ed Woodward et al. application 
which is incorporated herein by reference. 
The shifting mechanism of the present invention re 

sides in the arithmetic logic unit 14 of FIG. 1 which is 
shown in more detail in FIG. 2. As illustrated therein, 
logic unit 20 can receive data inputs from a variety of 
sources, designed as bus 28 or A register ?le 23 and the 
B register tile 24 by way of X multipleror 21 and Y 
multiplexor 22 respectively. The output of the Y multi 
plexor 22 is supplied to logic unit 20 by way of masking 
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unit 25. The output of logic unit 20 as well as the Output 
of X multiplexor 21 are supplied to barrel shifter 26. As 
was explained above, barrel shifter 26 can shift left or 
right end around by any number of bit positions as 
determined by the shift amount value speci?ed by the 
current content of a Shift Amount Register (SAR). The 
output of barrel shifter 26 is supplied to memory infor 
mation register 27 and also to barrel shifter output bus 
(BSW) 29 for transmission either to external bus inter 
face 10 of FIG. 1 and also control unit 110 and se 
quencer 11b of FIG. 1. 
As indicated in FIG. 2, barrel shifter 26 receives a 

shift amount value from the SAR and also a barrel 
switch operation code from the currently executed 
nanoinstruction as described in the above referred to 
Woodward et a1. application. This barrel switch opera 
tion essentially speci?es whether the shifter is to shift 
left or right, end off or to shift end around. The shift 
amount speci?ed for left shifts must be the two’s com 
plement of the desired shift amount. In addition, barrel 
switch 26 receives a mode code specifying whether or 
not the data format being received by the barrel shifter 
is an 8 bit format, 16 bit format or a 32 bit format. In 
order to accommodate these various formats, all of the 
data path widths in the arithmetic logic unit of FIG. 2 
are 32 bits wide. 
As distinct from barrel shifter 26, masker 25 of FIG. 

2 does not require a mode code. Since the masker is 
right-justified, the width of the data segment allowed to 
pass through the masker is just speci?ed by the mask 
amount received from the currently executed nanoin 
struction. 
Masker 25 of FIG. 2 is illustrated generally in FIG. 3 

and includes masking logic 30 and a mask generator 31, 
the latter of which receives a 5-bit mask amount from 
the nanoinstruction currently being executed. (Again, 
this mask amount could come from a microinstruction). 
Masking logic 30 includes 32 mask cells, one for each of 
the 32-bit input and provides a 32-bit output for the 
embodiment of the present invention. If mask generator 
31 were not provided, then each cell of masking logic 
30 would have to contain sufficient logic to decode the 
5-bit mask amount in order to generate the enable bit for 
that cell to achieve an output. Such a fully distributed 
masking logic would require an associated increase in 
the amount of chip area required and increased power 
consumption as compared to the approach of having a 
separate mask generator 31. 
On the other hand, a fully centralized masking logic 

would be one in which each masking cell is simply an 
AND gate to receive a particular signi?cant bit of the 
masker input and also an enable signal from mask gener 
ator 31. In this case, mask generator 31 must generate 32 
separate enable signals, one for each of the 32 masking 
cells. It is to be remembered that the masking unit is 
right-justified so if no data segments are to be passed by 
the masker, the output of mask generator 31 would be 
32 bits of zeros; 000, . . . ,000; if the least signi?cant bits 
of input data is to be passed, the output of mask genera 
tor 31 would be 000, . . . ,001; if the least two signi?cant 
bits of input data is to be passed by the masker, the 
output of mask genertor 31 would be 000 , . . . ,011 and 
so on. Mask generator 31 is of such a nature as to store 
respective output signals and may be a ROM, RAM or 
a programmable logic array (PLA). 
With such a centralized logic, the output bus from 

mask generator 31 must be 32 bits as must be the masker 
input bus and the masker output bus. Thus, the addi 
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tional widths of the buses increase the amount of space 
required on the integrated circuit chip and, to reduce 
the space requirement, the present invention employs a 
partially distributed masking logic. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The masking logic of the present invention is more 
complex than the simple AND gate described above in 
relation to a centralized logic system since, in the pres 
ent invention, the masking logic must perform some 
logic functions on the partially decoded mask signals 
received from mask generator 31 of FIG. 2. However, 
this logic is not as complex as that required for a fully 
distributed decoding system. In the present'invention, 
each masking cell of masking logic 30 is as shown in 
FIG. 4 and each cell receives seven signals from mask 
generator 31. These seven signals from mask generator 
31 are divided into two groups of three with the seventh 
output simply being the most signi?cant bit of the mask 
amount MB]. The ?rst group of the three output signals 
F[2:0] is the “Fine-grain” mask amount and is decoded 
from the two least signi?cant bits of the mask amount 
M[1:0]. The other group of three outputs C[2:0] is the 
“Coarse-grain" mask amount and is decoded from the 
two bits next to the most signi?cant bit of the mask 
amount, namely M[3:2]. 
These outputs from mask generator 31 are used so 

that the most signi?cant bit M[4] controls the passage of 
data through the upper or lower 16-bit halves of the 
masking logic and their respective input bits I. The 
"Coarse-grain” mask amount C[2:0] in conjunction with 
M[4] enables the passage of data through complete 4-bit 
groups within one of the 16-bit sections and the “Fine 
grain” mask amount F[2:0] in conjunction with one of 
the “Coarse-grain" bits and M[4] controls passage of 
data within a particular 4-bit group. The equations 
which de?ne F[2:0] and C[2:0] are: 

CD] = M3] ‘ Mill 

CU] = M3] 

Clo] = MD] + Mil] 

Fill = Mill ' MID] 

Flll = Mll] 

Flo] = Mlol + MIDI 

The masker logic 30 of FIG. 3 is divided into 32-bit cells 
where each cell receives one bit of input and generates 
the corresponding bit of output. Each of these cells 
includes an AND gate and also different logic for de 
coding the seven input signals from mask generator 31 
M[4], C[2:0] and F[2:?] generate the enabling signal to 
its corresponding AND gate allowing passage of the 
input bit. 

In FIG. 4, this AND gate 32 receives its correspond 
ing input bit I[j] and generates an output bit OLi] when 
it also receives an enabling bit Plj] from its correspond 
ing masker logic P generator 33 that in turn receives the 
seven output signals from mask generator 31 of FIG. 3. 
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The logic in masker logic I’ generator 33 for each of the 1 
corresponding signi?cant bits is made up of AND and 
OR gates according to the corresponding logic equa 
tions in the table of FIG. 5. Each of those equations can 
readily be implemented with simple AND and OR gates 
as described above. Furthermore, the pattern of con 
nections from ME], C[2:0] and F[2:0] are all very regu 
lar. Both of these factors improve the quality of the 
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6 
implementation of this masker unit in very large scale 
integrated circuits (V LSI). 

EPILOGUE 

A masker unit and data processor employing this 
masker unit to achieve programmable data path widths 
for the buses within the processor have been described. 
The masker is partially distributed in that a mask gener 
ator is provided to partially decode a mask amount from 
the currently executed control instruction and the 
masking logic is provided with additional decoding 
logic to complete the mask amount decode. 
While but one embodiment of the present invention 

has been described, it will be apparent to those skilled in 
the art that various modi?cations and variations may be 
made therein without departing from the spirit and 
scope of the invention as claimed. 
What is claimed is: 
l. A processing system comprising: 
an arithmetic logic unit having a plurality of function 

units; and 
a control store coupled to said arithmetic logic unit to 

supply control instructions thereto; 
said arithmetic logic unit including data buses cou 

pling said function units together to form said sys 
tem, said data buses being n-bits wide, said arithme 
tic logic unit also including means coupled to said 
control store for producing a mask signal in re 
sponse to a control instruction provided by said 
control store, said mask signal being indicative of 
whether all of the bits of said buses or only in bits 
are to be used in response to said control instruc 
tion from said control store where m is less than n; 

said arithmetic logic unit including masking means 
responsive to said mask signal and coupled be 
tween two of said buses to block the passage of n-rn 
bits of said data buses are to be used; 

said masking means including a plurality of bit cells, 
one for each of said 11 bits of said data buses, and a 
mask generator coupled to said bit cells and to said 
control store to receive a mask amount specifying 
those bits of said data buses that are to be blocked 
from passing through said bit cells, said mask gen 
erator being a memory means having sets of signals 
to partially decode the mask amount received from 
said control store. 

2. A system according to claim 1 wherein: 
each of said bit cells includes masking logic to receive 

the partially decoded mask amount and generate an 
enable signal in response thereto. 

3. A system according to 2 wherein: 
each of said bit cells includes and AND gate coupled 

to one of the bit lines of a data bus to receive an 
input signal, said AND gate also being coupled to 
its corresponding masking logic to receive an en 
able signal in order to generate an output signal. 

4. A system according to claim 3 wherein: 
said masking logic in each of said bit cells is formed of 
one or more logic gates. 

5. A processing system according to claim 1, wherein: 
said sets of signals comprise a coarse-grain mask amount 
and a ?ne-grain mask amount. 

6. A processing system according to claim 5, wherein: 
each of said bit cells includes masking logic responsive 
to said coarse-grain mask amount and said ?ne-grain 
mask amount for controlling the passage of data there 
through. 
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